Purpose: Past-day recall, rather than recall of past week or typical behavior, may improve the validity of self-reported sedentary time measures. This study examined the test-retest reliability, criterion validity and responsiveness of the seven-item questionnaire, Past-day Adults' Sedentary Time (PAST). 
Introduction
Paragraph 1 In the USA and Australia, the adult population spends on average over 50% of waking hours sedentary [15, 22] . Time spent in sedentary behavior is detrimentally associated with risk biomarkers and health outcomes independent of meeting physical activity guidelines during leisure-time [25] . In order to advance the evidence to address this issue, the development of measures for use in epidemiological, health behavior and populationsurveillance studies is essential. While there are now device-based measures (accelerometers, inclinometers) of sedentary time available to researchers, these devices are not able to identify time spent in specific sedentary behaviors or domains of behavior. Therefore, high quality self-report measures are necessary to complement the information from device-based measures or provide the best alternative when cost is an issue.
Paragraph 2 Sedentary behaviors are defined by both posture (sitting or reclining) and low energy expenditure (typically ≤1.5METS) [25, 36] . Time spent in sedentary behaviors has primarily been measured by questionnaires requiring recall of sitting time over the past week (or longer) or as typical behavior. Correlations (ρ) of these questionnaires with device-based criterion measures in 31 validity studies [14] usually have been only weak (15 studies, ρ <0.3) or moderate (10 studies, ρ 0.3 to <0.6), with the highest correlation being 0.61 (95% CI:0.42, 0.75).
Paragraph 3 Shorter-term recall, such as past-day, may improve the accuracy of self-reported sedentary time [23] . Dietary-assessment studies [5, 17] and physical activity studies with children [29, 34] have used past-day recall. For assessment of sitting behaviors, short-term recall has been used in the form of an activity log or a time-use diary demonstrating correlations (r>0.50) with device-based measures [12, 33] , which are higher than most such correlations for sedentary behavior questionnaires [14] . However, logs or diaries can have substantial participant burden and have thus not been widely used in sedentary behavior research. To date, there have been no questionnaires that have utilised short-term recall for capturing time spent in sedentary behaviors.
Paragraph 4
The modest relationships with criterion measures that have been reported for sedentary behavior questionnaires may be due to the particular criteria (accelerometerderived sedentary time or a behavioral log) commonly employed in validity studies [14] .
Issues associated with these criterion measures include inaccuracy in detecting true sitting time (waist-worn accelerometer [19] and error and bias associated with self-report (behavioral log; [3, 26] . The thigh-worn activPAL inclinometer device has been shown to be highly accurate at measuring sitting time (between 0.2 and 2.8% difference in detecting sitting compared to direct observation) [11, 19] and to be more sensitive to reductions in sitting time than the accelerometer [19] . The inclinometer device may therefore be a more appropriate criterion measure for validation of sedentary behavior questionnaires.
Paragraph 5
To assess the utility of questionnaires in intervention studies, determining the responsiveness of an instrument to detect change over time is necessary. Findings from the very few studies to assess the responsiveness of sedentary time questionnaires have shown mixed results. Responsiveness was shown to be similar to an accelerometer measure of sedentary time in one study (Actigraph, GT1M, <100cpm) [10] , although questionnaires showed no correlation with change detected by the accelerometer (Actigraph, GT1M, <100cpm) [16] and were not able to detect change in the presence of significant change in sit/lie time on the activPAL [20] in other studies.
Paragraph 6
We examined the Past-day Adults' Sedentary Time (PAST) questionnaire, a seven-item instrument that uses past-day recall of sedentary time. The questionnaire was assessed in a study taking place in the Cancer Prevention Research Centre; a weight-loss trial in breast cancer patients that included reducing sedentary time among the behavioral targets.
Specifically, we examined: test-retest reliability of the PAST for a single day (weekday) administration, criterion validity of PAST total sedentary time as a single day (weekday) administration and a two-day (weekday and Sunday) administration; and, responsiveness to change. The activPAL inclinometer was used as the primary referent measure. The ActiGraph accelerometer was also used to allow comparison with previous validity studies.
Methods

Paragraph 7
Data for these analyses were derived from the Living Well after Breast Cancer feasibility trial, carried out between January 2011 and March 2012. This study was a randomised controlled trial evaluating a weight loss intervention delivered via the telephone, compared with a control group, on changes in weight, body composition, targeted behaviors (diet, physical activity and sedentary behavior) and patient reported outcomes (quality of life, fatigue, body image). Following baseline data collection, participants were randomised, using a computer-generated random number table by staff not involved with the study, to either the intervention (n=45) or control group (n=45). Follow-up data were collected after six-months.
Ethical approval was obtained through The University of Queensland Behavioral and Social
Sciences Ethical Review Committee and Queensland Health Research and Governance Unit; and participants provided written informed consent.
Paragraph 8 Participants.
Women eligible for recruitment into the study were aged 18-75 years, had been diagnosed with breast cancer (Stage I-III) in the previous 9-15 months, and resided in an area within a 50km radius of Brisbane, Australia. Potential participants were required to have completed initial cancer treatment (surgery, radiation or chemotherapy), speak sufficient English to undertake the assessments, and have a body mass index (BMI) of 25-40kg/m 2 . They were excluded if they had distant metastases, had a previous diagnosis of invasive breast cancer, had been diagnosed with any other cancer in the past five years or had contraindications to participation in unsupervised exercise.
Paragraph 9
Recruitment. Participants were recruited through the Queensland Cancer
Registry, which collects information on cancer incidence and mortality in Queensland, Australia. Potentially eligible participants were identified from the registry and a letter was sent to their treating doctor explaining the study and inquiring as to whether the patient was appropriate to participate. If deemed appropriate, the potential participants were sent a letter from their doctor seeking consent for them to be contacted about the study. Those consenting to contact then received a telephone call from study staff, who provided more information about the study and screened for eligibility. Those women who were eligible to participate and were interested in taking part signed and returned the consent to participate form. From 1077 patients identified in the Queensland Cancer Registry, 90 participants were included in the study. Reasons for exclusion were: doctor consent to contact not obtained (n=153), refusal (n=173), ineligible (n=139), no response or uncontactable (n=456), sample size reached before contact (n=58), did not attend baseline assessment (n=8).
Paragraph 10
Intervention. Participants allocated to the intervention group received a detailed workbook, self-monitoring diary, pedometer, calorie counter book and up to 16 calls over the six-month period from a lifestyle coach. Lifestyle coaches were dieticians with at least undergraduate bachelor degree in nutrition and dietetics who received study-specific training in exercise promotion. The intervention aimed to achieve 5-10% weight loss and targeted reducing dietary energy intake, increasing physical activity and reducing sedentary behavior using behavior change strategies. Participants were encouraged to reduce their sedentary behavior by aiming to get up every 30 minutes and limiting screen time outside of work to no more than 2 hours per day. Participants were provided with feedback from their baseline assessment at the beginning of the intervention, including their self-reported sitting and lying time across behaviors from the PAST and total amount of sitting/lying time during waking hours from the activPAL for each monitored day.
Paragraph 11
Control participants received brief feedback following their baseline assessment, including the total amount of sitting/lying time during waking hours from the activPAL for each monitored day; they received no further contact between their baseline and six-month follow-up assessments.
Paragraph 12 Data collection procedure. Data were collected from all participants at baseline and at the six-month follow-up. At each assessment, participants attended the research center for measurement of height, body weight, body composition (bio-electrical impedance spectroscopy) and waist circumference by trained research staff members blinded to participants study group. At this visit they were provided with an activPAL (activPAL version 3, PAL Technologies, Glasgow, United Kingdom) device, an accelerometer (Actigraph GT3X+, Actigraph, Pensacola, Florida, USA) device and a log book to record monitor wear time and waking hours.
Paragraph 13
Participants were instructed to wear the activPAL inclinometer, attached with a hypoallergenic flexible adhesive dressing, continuously for the following seven days on the right, front mid-thigh. The device was waterproofed, thus removal was only to be undertaken for swimming in the sea (in case of loss) or for changing the adhesive dressing. For the same seven days, the GT3X+ accelerometer was to be worn during all waking hours on an elastic belt around the waist positioned on the right mid-axillary line. The GT3X+ accelerometer could be removed for sleep, swimming and bathing. The T1 and T2 assessments were designed to establish criterion validity and test-retest reliability of a single (weekday) administration of the PAST, based on evidence that recall of weekday sitting is more reliable than weekend [21] . The T3 assessment enabled testing criterion validity after intervention, and coupled with the T4 assessment enabled validity to be examined for a two-day (weekday and Sunday, unweighted) administration. The T1 and T3 assessments were used in the analyses for responsiveness. The length of time taken to answer the PAST questionnaire was recorded for the T2 administration to provide information on usability in population surveys. When participants failed to indicate a sleep/wake time in the log, this was estimated from when movement or standing began/ceased according to the device. ActivPAL bouts that were predominantly (≥50%) sleep or removed were excluded as sleep or non-wear time.
Measures
Comparison of a visual representation of the activPAL data was used to check for any very long uninterrupted movement that could reflect unreported removal and for consistency of the combined activPAL-log awake/worn time against the monitor.
Paragraph 17
For the daily data to be used, participants needed to have worn the activPAL for ≥10 hours and ≥80% of waking hours, or simply for ≥ 80% of waking hours if the participant reported being awake for <10 hours. Participants had to have worn the device for sufficient time on at least five days for data to be included in the analysis of weekly data.
Sit/lie time (hours per day) during waking hours was recorded for both the day recalled in the PAST questionnaire, and also as average daily sit/lie time over all the days monitored.
Participants are unlikely to recall and report very short bouts of sitting, and no respondent reported a sitting activity/domain of less than five minutes. Thus, sit/lie time that occurred in continuous bouts of five minutes or longer (sit/lie 5mins+) was examined as the main activPAL validity criterion measure in addition to all sitting/lying time (sit/lie total). data were taken from the vertical axis only to provide comparison with previous validity studies [6, 10, 30] . Wear time was estimated using an automated algorithm with non-wear identified by bouts of ≥60mins of 0 counts per minute (cpm) with ≤2 interruptions of <50cpm
(modification made to allow non-wear bouts to span midnight) [35] . For the daily data to be used, participants needed to have worn the accelerometer for close to the self-reported waking hours identified in the activity log (≤2hrs difference). 
Paragraph 22
To provide a comparison with existing validity studies [8, 14] , correlations of PAST total sedentary time (T1) were also made with GT3X+ accelerometer-derived sedentary time on the same day and as average over monitored days using data from the baseline assessment (n=59). Responsiveness was assessed and compared across instruments for the 57 participants who provided coinciding PAST and monitor data at both baseline and follow-up.
Results
Paragraph 25
Characteristics of the participants who undertook the baseline assessment (including the T1 PAST administration), provided sufficient activPAL data at the baseline assessment and the follow-up assessment are presented in Table 1 . The majority of participants were married or living together, had completed post high school education, and were working part-time or full-time. They were mid-to older-aged (range 33-75 years) and, as per the eligibility criteria, all were overweight or obese.
INSERT Table 2 to be more responsive than activPAL sit/lie time as the confidence intervals for the differences in responsiveness all included zero.
Paragraph 35 As with the validity findings, inter-instrument correlations in change scores
were stronger for the recalled day than for average sit/lie time (Table 4) . For both groups, change in PAST sedentary time had a strong correlation with change in activPAL sit/lie on the recalled day and a lower and non-significant correlation with average sit/lie time (Table   4) .
______________________________ INSERT TABLE 4 ABOUT HERE
Discussion
Paragraph 36 This study provides some of the first findings on the reliability, validity and responsiveness to change of a questionnaire measure of past-day recall of sedentary time in adults. A novel element of this study was the use of past-day recall, rather the past week or typical behavior, an approach that has been used with success in dietary and physical activity research [5, 17, 29] but has not yet been applied in the sedentary behavior field. The findings suggest that the PAST questionnaire, which has a short administration time (approximately 7 mins), provides fair to good test-retest reliability. The criterion validity showed a strong correlation with activPAL sit/lie time (r=0.57), which is high in terms of the correlations that have been generated from other questionnaires with device based criterion measures [14] .
There was good agreement at the group level, with minimal mean differences that did not indicate a statistically significant bias at baseline, although agreement was poor at the individual level. The PAST questionnaire was responsive to change; however, as the behavioral changes were not verified by the objective monitoring, this may be attributable to biases in reporting. time relative to all sit/lie time by almost one hour, which is consistent with a previous study that used activPAL as criterion measure and showed mean differences of -41mins for IPAQ and +176mins for a composite measure of sitting time [20] . As the activPAL records sitting/lying continuously, it is likely that difficulty recalling all time in these postures, including very short bouts, leads to the large differences that are no longer present when examining sitting/lying that occurs in longer bouts (5 minutes or more, consistent with the shortest duration reported for any of the PAST sitting items). For all comparisons between the PAST and activPAL sit/lie time, the limits of agreement were wide, indicating that the measure may not accurately estimate an individual's sedentary time.
Paragraph 41 To examine longitudinal changes within individuals (for example in the context of an intervention trial), instruments must be sensitive, or responsive to change [31] .
This study, one of the few studies to have examined the responsiveness to change of a sedentary time questionnaire, showed the PAST questionnaire to be responsive. The activPAL device has been shown to be highly accurate [11, 19] and to detect significant intervention changes [20] . The changes in activPAL sit/lie time between baseline and followup, although not significant, were negative on the day of recall but not on average over the monitored days, raising the possibility of reactivity. However, we would not expect reactivity to be a significant factor influencing our findings. The administration of the PAST interviews was through unscheduled calls to study participants, who did not know that they would be being asked to recall that sitting for that particular day at the time when they were telephoned. Given that no meaningful or significant change in activPAL-derived sit/lie time were observed for either group, this suggests that the change detected by the PAST may be due to social-desirability bias or to participants' intention to change rather than representing a true change in sedentary time. The lack of activPAL changes and responsiveness in this study could also indicate that this intervention, in which weight loss was the main target and other diet and physical activity behaviors were included, simply did not affect sedentary behaviors.
It is difficult to determine whether past-day recall provides better or worse responsiveness than other types of sedentary behavior questionnaires. A past-week recall questionnaire showed significant responsiveness to change, similar to the responsiveness of accelerometerderived sedentary time [10] . However, questionnaires requiring recall of total sitting time on a typical day did not show responsiveness in interventions that resulted in change in accelerometer-derived sedentary time [16] and activPAL sit/lie time [20] . Likewise a questionnaire requiring recall of typical time spent sitting in domains did not show change in sitting despite change in sit/lie time being recorded by the activPAL [20] . Given that the reliability of the PAST was only fair, it is likely that a single administration of this measure may not be a good indicator for intervention studies of change in sedentary time.
Paragraph 42 One limitation of this study is the generalisability of the findings: participants were all overweight or obese women with a recent history of breast cancer. However, breast cancer survivors have been shown to be similar to the general female population in terms of BMI, fruit and vegetable intake, smoking status, alcohol intake and meeting physical activity guidelines [9] . Many test-retest reliability studies and validity studies are undertaken in nongeneralizable samples [14] . Embedding such studies in this intervention trial has allowed examination of responsiveness and establishing of validity both pre and post intervention, which is important to identify the types of biases that can occur in interventions. An additional consideration is that the PAST questionnaire was interviewer-administered (by telephone). It may have less reliability and validity in a self-completed format, which would be useful in large-scale mailed surveys.
Paragraph 43 In the current study, the criterion validity of the individual sedentary time items in the PAST questionnaire could not be examined as the device-based measures were not able to determine the context of behavior. Examination of the criterion validity of the particular items is necessary to determine which items may be more accurate and, therefore, appropriate for epidemiological and surveillance studies. Test-retest reliability was better for some sedentary time items in the PAST (work, transport, computer use) than others (sedentary time for other purposes). The validity of individual questionnaire items may also vary, as shown in studies that have used activity logs as criteria [21, 28] . Future studies should use device-based criterion measures that are able to determine context of behavior, such as the new SenseCam technology, which offers potential in identifying behaviors in context, such as travel behaviors [18] . 64 complete data at follow-up (intervention n=35; usual care n=29)
Conclusions
Data loss at follow-up:
• Attrition from study (intervention n=5; usual care n=11) • Inability to schedule the interview within the monitoring period (intervention n=1) • Insufficient activPAL data (intervention n=4; usual care n=3) • Non-wear of activPAL due to skin irritation (usual care n=2)
